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(54) Mbtion reduced floating structure 

(57) . A motion reduced floating structure includes a 
main hull structure:(1 ) and a wave damping structure (2) 
connected with the main hull structure. The wave damp- 
ing structure may include a back board (4), a lower hor- 
izontal board (3) and vertical members (14). The back 
board is connected with the main hull structure, and the 



lower horizontal board is connected with a lower portion 
of the back board to extend in a horizontal direction and 
is under a seawater surface in case of mooring. The ver-. 
tical members are connected with the lower horizontal 
board and the back board. A vertical direction hole is 
provided for the lower horizontal board. 
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Description 

Background of the Invention 

1. Field of the Invention 5 

[0001] The present invention relates to a motion re- 
duced floating structure which has an L-type wave 
damping structure for motion reduction. 

10 

2. Description of the Related Art 

[0002] A floating structure is known as a building for 
effective use of marine. In a ship to transport persons 
and goods, fuel cost reduction is a higher priority than 
prevention of a rotational motion and a translationat mo- 
tion. For this reason, a hemispherical structure is adopt- 
ed as a bow shape to reduce wave resistance. In the 
floating structure which is moored at a predetermined 
position, the prevention of the motions on the horizontal 
plane is important. The motions on the horizontal plane 
are such as a translational motion in a horizontal direc- 
tion, a rotation motion around a horizontal axis and a 
drift motion. 

.[0003] It is known in Japanese Laid Open Patent Ap-^ 
plication (JP-P2000-1 35999Ay to atta6^^ 
ing structure on the longer side portions qf the floating 
structure. The wave damping structure has so-called L- 
type structure in which a vertical merhber iBxtenicis from 
the longer side portion of the floating structure and a 
horizontal member extends from the end portion. of the 
vertical member in the horizontal direction under the 
seawater surface. Thus; it is possible-for the wave 
damping structure to reflect wave effectively. However, 
when the wave damping structure reflects the wave, the 
floating structure receives reaction force and the hori- 
zontal momentum of the floating structure changes 
largely. Thus, over-prevention of the motions on the hor- 
izontal plane degrades the mooring perfonmance of the 
floating structure. 

[0004] The motion prevention effect of the floating 
structure becomes effective if the wave damping struc- 
ture is formed long into a direction orthogonal to a wave 
progress direction when the wavelength of the wave is 
long. Supposing that a horizontal board is in the bottom 45 
of the sea and that the wavelength is 200 m, the hori- 
zontal board length of 20 m is needed which is the length 
of 1/10 of the wavelength at least. The wave damping 
structure needs to be formed long irrespective of wheth- 
er the floating structure is small or large. Therefore, the 
wave damping structure itself becomes large and 
makes mass large. 

[0005] In the floating structure in which habitability 
and workability are important, the prevention of the mo- 
tion around the horizontal axis is important primarily and 55 
the reduction of the translational motion in the horizontal 
direction is important secondarily. Both of the transla- 
tional motion in the horizontal direction and the rotation- 



al motion around the horizontal axis depend on a wave 
period. 

[0006] Also, there is a case that the translational mo- 
tion becomes large when the rotation motion is sup- 
pressed. Therefore, it is important that the translational 
motion in the horizontal direction and the rotational mo- 
tion around the horizontal axis are balanced, taking the 
wave period into account. 

[0007] When it is planned to install the wave damping 
structure in an existing floating structure or an existing 
work ship, it is desirable that the wave damping structure 
is small and light in weight and that the structure is re- 
inforced. 



[0008] Therefore, an object of the present invention Is 
to provide a motion reduced floating structure in which 
motions on a horizontal plane can be prevented. 
[0009] Another object of the present invention is to 
provide a motion reduced floating structure, in which the 
prevention of the rotational motion around the horizontal 
axis and the prevention of the translational motion in the 
horizontal direction ate balanced. 
[0010] Another object of the present invention is to 
Cprovide a' nidtibn reduced floating structure, which is, 
small and light. 

[0011]^ Another object of the present invention is to 
-proVicle a motion reduced floating structure whose struc- . 
ture|fe reinforced. 
^'^[0012] In'an aspect of the present invention, a motion 
. reduced floating structure, includes a main hull structure ^ 
and a wave damping structure connected with the main 
hull structure. The wave damping structure may include 
a back board, a lower horizontal board and vertical 
members. The back board is connected with the main 
hull structure, and the lower horizontal board is connect- 
ed with a lower portion of the back board to extend in a 
horizontal direction and is under a seawater surface in 
case of mooring. The vertical members are connected 
with the lower horizontal board and the back board. A 
vertical direction hole is provided for the lower horizontal 
board. r 
[0013] Here, each of the vertical members may be 
formed of a triangular board to enforce the lower hori- 
zontal board and the back board. 
[0014] The wave damping structure is provided for a 
portion of the main hull structure which receives wave. 
[0015] In another aspect of the present invention, a 
motion reduced floating structure includes a main hull 
structure and a wave damping structure connected with 
the main hull structure. The wave damping structure in- 
cludes a back board, an upper horizontal board, a tower 
horizontal board, and vertical members. The back board 
is connected with the main hull structure. The lower hor- 
izontal board is connected with a lower portion of the 
back board to extend in a horizontal direction. The ver- 
tical members are connected with the lower horizontal 
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board, the upper horizontal board and the back board 
in at least a portion, such that a space formed by the 
upper horizontal board, the back board and the lower 
horizontal board is divided Into a plurality of domains by 
the vertical members. 5 
[0016] Here, each of the vertical members may ex- 
tend in parallel to a longitudinal direction of the main hull 
structure, or may extend to intersect a longitudinal di- 
rection of the main hull structure. 

[001 7] Also, two of the vertical members may be used io 
as inner vertical members to partition the space into 
three domains. In this case, the wave damping structure 
may further include a center front board provided to 
close a center domain of the three domains. 
[0018] Also, other two of the vertical members may ^5 
be connected with outer sides of the space as outer ver- 
tical members. In this case, the wave damping structure 
may further include a center front board provided to 
close a center domain of the three domains. 
[0019] Also, a vertical direction hole may be provided 20 
for the lower horizontal board on both sides of the three 
domains. Also, a horizontal direction hole may be pro- 
vided for each of the inner vertical members. In this 
case, it is desirable that the lower horizontal board is 
removed from a center domain of the three domains. „ : 
[0020] In another aspect of the present invention,' a"^ ' : : 
motion reduced floating structure includes a main hull -. . 
structure and a wave damping structure connected with t : 
the main* hull structure. The wave damping structure inr r^^^^ 
eludes a back board, an upper horizontal board, a lower . 30 
horizontal board, four vertical members and lids. The - 
back board is connected with the main hull structure. ^ . . . 
The lower horizontal board is connected with a lower 
portion of the back board to extend in a horizontal direc- 
tion and is under a seawater surface in case of mooring. 35 
The four vertical members are connected with the upper 
horizontal board, the lower horizontal board and the 
back board in at least a portion such that a space formed 
by the upper horizontal board, the back board and the 
lower horizontal board is divided into three domains by <o 
the vertical members. The lid is provided for each of both 
sides of the three domains to be closable in case of tow 
and openable in case of the mooring. 
[0021] Here, a vertical direction hole is provided for 
the lower horizontal board on both sides of the three do- 
mains. Also, a horizontal direction hole is provided for 
each of the Inner vertical members. In this case, the low- 
er horizontal board is removed from a center domain of 
the three domains. 

[0022] In another aspect of the present invention, a so 
motion reduced floating structure includes a main hull 
structure and a wave damping structure connected with 
the main hull structure. The wave damping structure in- 
cludes a back board connected with the main hull struc- 
ture, an upper horizontal board, a lower horizontal 55 
board, two vertical members and a front vertical board. 
The lower horizontal board is connected with a lower 
portion of the back board to extend in a horizontal direc- 
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tion. The two vertical members are connected with the 
upper horizontal board, the lower horizontal board and 
the back board In at least a portion such that a domain 
is defined by the upper horizontal board, the back board 
and the lower horizontal board. The front vertical board 
is connected with the upper horizontal board, the lower 
horizontal board and each of the outer vertical mem- 
bers. 

[0023] Also, a vertical direction hole may be provided 
for the lower horizontal board. Each of the vertical mem- 
bers may be openable in an outside direction. 
[0024] In another aspect of the present invention, a 
motion reduced floating structure includes a main hull 
structure of a box type and a wave damping structure 
connected with the main hull structure. The wave damp- 
ing structure includes a back board, a lower horizontal 
board, vertical members, and a vertical direction hole. 
The back board is connected used as one side board of 
the main hull structure. The lower horizontal board is 
formed by extending a lower horizontal board of the 
main hull structure and which is connected with a lower 
portion of the back board to extend in a horizontal direc- 
tion. The vertical members are connected with the lower 
horizontal board and the back board. The vertical direc- 
r^^ipn hole is. provided for the lower horizontal board. 
:■; [0025] j Also, the wave damping structure further may 
. includev an upper horizontal board which is formed by, 
extending an upper horizontal board of the main hull 
-^structure:- Each of the verticil Members is connected, 
with the ;upper horizontal b^fard, in addition to the lower 
horizontal &oard and the! back board in at least a portion ^ 
. :such that a space formed. by the:upper horizontal board,, 
the back board and the lower horizontal board Is divided 
into a plurality of domains by the vertical members. 

Brief Description of the Drawings 

[0026] 

Fig. 1 is a perspective view showing a motion re- 
duced floating structure according to a first embod- 
iment of the present invention; 
Fig. 2 is a perspective view showing the motion re- 
duced floating structure according to a second em- 
bodiment of the present invention; 
Fig. 3 is a perspective view showing the motion re- 
duced floating structure according to a third embod- 
iment of the present invention; 
Fig. 4 is a perspective view showing the motion re- 
duced floating structure according to a modification 
of the second embodiment of the present invention; 
Figs. 5A and 5B are graphs showing the motion of 
the floating structure and wave drift force coefficient 
in a plurality of models, respectively; 
Fig. 6 is a perspective view showing the motion re- 
duced floating structure according to a first modifi- 
cation of the third embodiment of the present inven- 
tion; 
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Fig. 7 is a perspective view showing the motion re- 
duced floating structure according to a second mod- 
ification of the third embodiment of the present In- 
vention: 

Fig. 8 is a perspective view showing the motion re- 5 
duced floating structure according to a third modifi- 
cation of the third embodiment of the present inven- 
tion; 

Fig, 9 is a perspective view showing the motion re- 
duced floating structure according to a fourth mod- io 
ification of the third embodiment of the present In- 
vention in case of tow; 

Fig. 10 is a perspective view showing an operation 
of the motion reduced floating structure according 
to the fourth modification of the third embodiment ^5 
of the present invention in case of mooring; 
Fig. 11 Is a perspective view showing an operation 
of the motion reduced floating structure according 
to the fourth modification of the third embodiment 
of the present Invention In case of mooring; - 20 
Fig. 1 2 is a cross sectional view showing a first ex- 
ample of an open and close mechanism of a lid in 
the motion reduced floating structure according to 
the fourth modification of the third embodiment of 
the present invention In case of mooring; 25 
Fig. 13 is a cross sectional view showing a second 
example of an open and close mechanisrn of a lid ^ . 

•in the motion reduced floating structure according 
ta the fourth.modiflcation.of the third embodiment 
of the present Invention in case of mooring; - . 30 

/Fig. 14 is a cross sectional view showing a third ex- . 

.^ample of an open and close mechanism of a lid In 
the motlon reduced floating structure according to 
the fourth modification of the third embodiment of 
the present invention in case of tow or mooring; 35 
Fig. 15 is a graph showing the motion of the floating 
structure In a plurality of models; 
Fig. 16 is a graph showing wave drift force coeffi- 
cient in the plurality of models; 

Fig. 17 Is a cross sectional view of the motion re- ^0 
duced floating structure according to a fourth em- 
bodiment of the present Invention; 
Fig. 18 is a perspective view of the motion reduced 
floating structure according to a fifth embodiment of 
the present invention; 45 
Fig. 19 Is a perspective view of the motion reduced 
floating structure according to a first modification of 
the fifth embodiment of the present Invention; 
Fig. 20 is a perspective view of the motion reduced 
floating structure according to a second modlfica- so 
tion of the fifth embodiment of thfe present invention; 
Fig. 21 Is a cross sectional view showing a first ex- 
ample of an open and close mechanism In the mo- 
tion reduced floating structure according to the fifth 
embodiment of the present invention; and ss 
Fig. 22 is a cross sectional view showing a second 
example of an open and close mechanism in the 
motion reduced floating structure according to the 



fifth embodiment of the present Invention. 

Description of the Preferred Embodiments 

[0027] Hereinafter, a motion reduced floating struc- 
ture of the present invention will be described In detail 
with reference to the attached drawings. 
[0028] Fig. 1 shows the motion reduced ftoating struc- 
ture according to the first embodiment of the present In- 
vention. Referring to Fig. 1, a motion reduced floating 
structure In the first embodiment Is comprised of a main 
hull structure 1 having a rectangular parallelepiped box 
shape and a wave damping structure 2 provided on the 
wave Incident side of the main hull structure 1 . The main 
hull structure 1 Is used independently In the installation 
state of the L-type wave damping structure 2 or as an 
element floating structure of a chain structured floating 
structure. The chain structured floating structure can be 
used as a marine leisure center, and a goods replenish- 
ment base In case of happening of a disaster. 
[0029] The main hull structure 1 1s comprised of a low- 
er horizontal board 5 and an upper horizontal board 7 
as an upper horizontal deck, longer side vertical boards 
8 and 9 and shorter side vertical boards 4' arid 6. The 
wave damping,structurep2 is comprised of a horizontalf 
board 3i the shorter side vertical back board 4, and trif: 
angular vertical; enforcement plates 11. The horizontal? 
board 3 has a hole .12 between two of the triangular verr 
tical-enforcement^plates'~1.1-.:lnia portion^ close td-rthe: 
shorter side* back board 4. That is, in the first enn4)odi- 
ment, the ^dve^ damping? structure 2 has of*an L-type-t 
Also, the shorter slde back, board 4 may be common to 
the shorter side vertlcahboard of the main hull structure. 
1. The upper horizontal board 7 is located above the . 
seawater surface. The lower horizontal board 5 and the 
horizontal board 3 are located below the seawater sur- 
face. The horizontal board 3 Is welded to the lower por- 
tion of the back board 4 and extends from the back board 
4 in a horizontal direction in the seawater. The horizontal 
board 3 may be formed by extending the lower horizon- 
tal board 5. In a region where the back board 4 and the 
horizontal board 3 intersect each other, the triangular 
vertical reinforcement boards 11 are welded to the back 
board 4 and the horizontal board 3 In a proper interval. 
The horizontal plane of the horizontal board 3 and the 
vertical plane of the back board 4 form an orthogonal 
concave section extending Into the lateral direction. It is 
confirmed theoretically and experimentally that such an 
orthogonal concave section has a wave damping effect 
In the vertical direction. When the main hull structure 1 
is used as a single unit, the L-type wave damping struc- 
tures 2 may be installed in four sides of the main hull 
structure 1 . 

[0030] Here, a longitudinal direction is a direction or- 
thogonal to the back board 4, and a lateral direction is 
a direction orthogonal to the longitudinal direction. The 
wave progresses toward the wave damping structure 2. 
[0031] The horizontal board 3 receives the force of the 
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wave in the vertical direction. Therefore, the different 
forces act on the upper surface and lower surface of the 
horizontal board 3. The difference between the forces 
has an opposite phase to the flotage acting on the lower 
surface in an end portion of the L-type wave damping 5 
structure 2. Such an opposite phase reduces the flotage 
in the end portion, reduces the wave force in the vertical 
direction, and suppresses motions of the main hull struc- 
ture 1 on the horizontal plane in the end portion of the 
main hull structure 1 effectively. 
[0032] In the orthogonal region where the horizontal 
board 3 and the back board 4 intersect each other, the 
plurality of vertical direction seawater passage holes 12 
are provided in such a manner that seawater freely flows 
in or out between the upper surface and the lower sur- 
face in the horizontal board 3. The existence of the ver- 
tical direction seawater passage holes 12 reduces the 
coupling strength between the horizontal board 3 to the 
back board 4. However, the triangular vertical reinforce- 
ment boards 1 1 strengthen the coupling between the 
horizontal board 3 and the back board 4. 
[0033] The vertical direction seawater passage holes 
12 have a dynamic characteristic to decrease the sup- 
pression effect of-the-rbtatlonal motion around the hor- 
izontal axis. However, by making a part of the wave riB- 
flecfed by the back board 4 pass through the holes 12 
in the vertical dii'^ction? the reaction force tb^ t^^ main- 
hull structure 1 at the time of the reflection of the wave 

-can be decreased' so that the itiomeritumch'ange of the 
main hull strfitture 1 in the horizontal direction can be 

"decreased.' As^ a^resui^^^^^ motions of the main hull 
structure -1 oh the-hdrlzontal plane such as a translation- 
al rnotioh, a rotatlbhal motion, and a drift motion can be 
reduced. ' • • 

[0034] The translatidnal motion in the horizontal direc- 35 
tion and a rotational motion around the horizontal axis 
are based on the area of the horizontal board 3. the 
length of the horizontal board 3 in the longitudinal direc- 
tion, a distance from the horizontal board 3 to the sur- 
face of the seawater, a wave period, a wave amplitude, "fo 
a total area of the vertical direction seawater passage 
holes 12, and the positions of the vertical direction sea- 
water passage holes 12 as variables. The values of the 
variables are determined theoretically or in accordance 
with law of the experience such that the translatlonal 45 
motion in the horizontal direction and rotational (roll and/ 
or sway) motion around the horizontal axis become 
small. 

[0035] Fig. 2 shows the motion reduced floating struc- 
ture according to the second embodiment of the present 50 
invention. The main hull structure 1 is same as that of 
the first embodiment. The wave damping structure 2 In 
the second embodiment Is also attached to the main hull 
structure 1 on the wave input side. The wave damping 
structure 2 in the second embodiment is comprised of 55 
a lower horizontal board 3. a back board 4, an upper 
horizontal board 13. and a plurality of vertical partition- 
ing boards 14. The upper horizontal board 13 Is con- 



nected with the upper horizontal board 7 and extends 
from the upper end of the back board 4 into the longitu- 
dinal direction. The lower horizontal board 3 is connect- 
ed with the lower horizontal board 5 and extends from 
the lower end of the back board 4 into the longitudinal 
direction. The lower horizontal board 3 may be formed 
by extending the lower horizontal board 5. and the upper 
horizontal board 13 may be formed by extending the up- 
per horizontal board 7. The plurality of vertical partition- 
ing boards 14 are interposed between the upper hori- 
zontal board 13 and the lower horizontal board 3. The 
vertical partitioning boards 14 are arranged in proper in- 
tervals, especially, in a constant interval into the lateral 
direction. If four vertical partitioning boards 14 are ar- 
ranged, three domains are formed, each of which Is sur- 
rounded with the upper horizontal board 1 3, the vertical 
partitioning boards 14 and the lower horizontal board 3. 
The outermost two of the vertical partitioning boards 14 
may be formed by extending the longer side vertical 
boards 8 and 9, respectively. 

[0036] The plurality of vertical partitioning boards 14 
form a plurality of concave domains in the main hull 
structure 1 . The plurality of concave domains confine a 
surging wave divisionally and reflects the wave ^ffec:^. 
tively. A horizontal direction seawater passage holenl.5. 
is provided for each of the vertical partitioning , boards . 
14 other than the: outermost^two;"to dlffractuthe wave: In 
the lateral direction. The horizontal direction seawater- 
passage holes I S can suppress tHe.rotatiohal motion pn|- 
the horizontal plane. Itvis effective to adjust^the areaioft 
the horizontal direction se^awater pass^age hole 15. Also^y 
the vertical direction seawaterpassage holes 12 shown-, 
in the first embodiment may b^ provided for the lower 
horizontal board 3: *^ " - v .^ ■ - 

[0037] Fig. 3 shows the motion reduced floating struc-: 
ture according to the third embodiment of the present 
Invention. In the third embodiment, the wave damping 
structure 2 of the third embodiment is comprised of two 
concave domains 1 7 on both sides and a center convex 
domain Is arranged between the two concave domains 
17. The center convex domain of the three domains is 
closed with a closure board 18. The closure board 18 is 
welded and combined with the outer ends of the center 
domain. 

[0038] The concave domain 1 7 functions In the same 
way as the L-type wave damping structure shown in Fig. 
1 or 2. The vertical direction seawater passage hole 12 
shown in Fig. 1 may be opened in the concave domain 
17. Moreover, as shown In Fig. 4. the lower horizontal 
board 3 in the center domain may be removed and a 
lateral direction seawater passage hole 15 may be 
formed in each of the vertical partitioning boards 14 of 
the convex domain, as shown In Fig. 2. Thus, an Invert- 
ed L-type wave damping structure may be formed. In 
this case, both of the L-type structure and the inverted 
L-type structure have the suppression effect of the ro- 
tational motion around the horizontal axis. The L-type 
structure has the effect larger than the inverted L-type 
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structure but the translational motion in the horizontal 
direction becomes large according to it. By combining 
and installing the L-type wave damping structure and 
the inverted L-type wave damping structure in a portion 
of the floating structure, the translational motion in the 
horizontal direction can be suppressed while maintain- 
ing the suppression effect of the rotation motion around 
the horizontal axis. 

[0039] Figs. 5A and 5B show a variety of the suppres- 
sion effect of the rotational motion around the horizontal 
axis and the translational motion in the horizontal direc- 
tion depending on the presence or absence of the L-type 
wave damping structure and the composition of the L- 
type wave damping structure and the inverted L-type 
wave damping structure. The vertical axis of Fig. 5A 
shows the motion of the floating structure (dimension- 
less value), and the vertical axis of Fig. 58 shows a wave 
drift force coefficient (dimensionless value). The hori- 
zontal axes of these figures show a wave period. Figs. 
5A and 5B show a tendency that the translational motion 
In the horizontal direcjion has an inverted phase to the 
rotational motion around the horizontal axis. Also, by 
providing a clearance gap 12, it is possible. to balance 
the trartslational motion invthe horizontal direction and 
■^ the'rotatibhal motiori iaroundvthe^horizontaLdirection: : 

[0040] Fig. 6 shoWs the motion reduced floating struc- 
"ture siccbrdihg to-a-first modificatibn of the third ehnbod- 
imeht of the present invention: In the first modification, 
^the'^Wa^e'^^diamplhlg structur first modification is 

-comprised of twb'cbncave domains ^'^Z* on both end por- 
^ - tlbris" aridlDhe convex 18 arranged betweisn the 

etwb-coricave domains 17*, Thus, the vertical partitioning 
boards-14 In the outermost portions in thie lateral direc- 
tion are removed in the structure of Fig. 3. Each of the 
domains in the both end portions is formed of four 
boards, and portions corresponding to the outermost 
longer side vertical board 14 and outer shorter side 
board are opened, 

[0041] The concave domain 17* has the L-type wave 
damping structure. One or more vertical direction sea- 
water passage holes 12 shown in Fig. 1 may be provided 
in the concave domain 1 7*. Moreover, the horizontal di- 
rection seawater passage holes 1 5 shown In Fig. 2 may 
be provided in the vertical partitioning boards 14. In this 
case, it is desirable that the convex domain 1 8 is formed 
as the inverted L-type wave damping structure by re- 
moving the horizontal board 3 in the convex domain 18, 
and a back board 4 is provided for the main hull structure 
1 . Because the seawater flows into the convex domain 
18. the back board 4 prevents the seawater from flowing 
Into the main hull structure 1. 

[0042] In the first modification, a component of the re- 
flected wave in the lateral direction increases, compared 
with the case of Fig. 3, However, because the two con- 
cave domains 17' are symmetrically arranged with re- 
spect to the center convex domain 1 8, and the reflection 
of wave is symmetry, a total of reaction force of the wave 
becomes small. At this time, the suppression effect of 



the translational motion in the vertical direction is also 
improved. 

[0043] Fig. 7 shows the motion reduced floating struc- 
ture according to a second modification of the third em- 

5 bodlment of the present invention. In this embodiment, 
the vertical partitioning boards 1 4' are for the end portion 
of the main hull structure 1 in the longitudinal direction 
are formed to have an angle with respect to the longitu- 
dinal direction so that a convex portion is formed like a 

10 usual hull. Therefore, the horizontal board 3 in the con- 
cave domain 17" of Fig. 6 is not a square but is formed 
to be triangular. The vertical partitioning board 14* has 
a proper angle, preferably, 45 degrees with respect to 
the longitudinal direction. The closure board 18 is pro- 

15 vided between the vertical partitioning boards 14* at the 
outermost portion. The back board 21 of the wave 
damping structure 2 is used as the shorter side board 
of the main hull structure 1. 

[0044] The wave damping structure in the second 

20 modification is comprised of the concave domains 17** 
and the convex domain 18* between the concave do- 
mains 17** on both end portions. Surging wave is reflect- . v - . 
edintothelateraldirection. At this time, the reflection of . , ^ _ - 
the wave in the lateral direction occurs more effectively- ; . - . 

25, than the embodiment of Fig. 6. Consequently, drift:fprcacr:;.--:L^^^^ 
' (translational motion force in the horizontal directiony isrr ^ f : ; 
more decreased. For this reason; it Is meaningful U^^rprrfr^m^n r^i-e-^N 
vide the verticial direction seawater passage holes 42 >- r *^ ^ > - 
shown in Fig- t-in the lower horizontar board 3 along tHe*^ ^T*^rv: 

30 bottom line of the vertical partitioning board 14'.. Also; il^i ^^^j^^-^ s^^^i^zy* 
" is rhore meaningful that the lateral direction seawater-^* ;c>^^=£^^^^^^^ 
• passage holes 15 shown In Fig. 2 are provided fofi^Xhe-^tcB^p^'c-'/rd ] 
vertical partitioning boards 14*, the back board 4 is pro- - * .--^ ■ ■ 
vided, as shown In Fig. 7 and the lower horizontal board ■ 

35 3 in an area surrounded by the vertical partitioning 

boards 14*, the back board 4 and the closure board 16 ' > 

is removed. 

[0045] Fig. 8 shows the motion reduced floating struc- 
ture according to a third modification of the third embod- 

40 iment of the present invention. In the third modification, 
as shown in Fig. 8, the concave domain 17*' is formed. 
In the third modification, the comer of the triangular hor- 
izontal board 3 is cut off and an additional vertical par- 
titioning board 14'* is provided to enforce the horizontal 

45 board 3 and the upper horizontal board 1 3 in the outside 
portion of the concave domain 17**. 
[0046] Fig. 9 shows an outer appearance of a fourth 
modification of the third embodiment shown in Fig. 3 in 
the tow state. The concave domains 17 on both sides 

50 are closed down with a lid 24. Fig. 10 shows a state of 
the lid 24 on the way from the open position to the close 
position or from the close position to the open position. 
Fig. 11 shows the outer appearance of the state when 
the ltd 24 is opened fully and the concave domain 17 is 

55 fully opened. 

[0047] Fig. 12 is a cross sectional view of the floating 
structure along the XII-XII line of Fig. 10 to show a first 
example of an open and close mechanism of the lid 24. 
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The proximal end of the lid 24 is tumably supported by 
a bearing which is fixed to the tip portion of the upper 
horizontal board 1 3 of the of L-type wave damping struc- 
ture 2. The proximal end of a fluid pressure cylinder 25 
is turnably supported by a bearing which is fixed to the 
proximal end of the upper horizontal board 13 close to 
the back board 4. The free end of the lid 24 is connected 
to the tip portion of the fluid pressure cylinder 25 through 
a bearing 26. The fluid pressure cylinder 25 has a cyl- 
inder piston rod. The cylinder piston rod is shortened to 
store the lid 24 close to the upper horizontal board 13. 
It is desirable that the lid 24 and the fluid pressure cyl- 
inder 25 are removed after the floating structure is towed 
to a basin point once. 

[0048] Fig . 1 3 is a cross sectional view showing a sec- 
ond example of the open and close mechanism of the 
lid 24. The free end of the same lid 24 as that of Fig. 12 
is hung by a winch 27 via a cable. 
[0049] Fig. 14 is a. cross sectional view showing a third 
example of the open and close mechanism of the lid 24 
which is used in the third embodiment of the present in- 
vention. In the wave damping structure in the third ex- 
ample^ the upper horizontal board 13 is. formed as an 
extended portion of the upper horizontal boaixj 7. The . 
horizontal board 3 is fomied as.an^extende^d pprtion-of 
the lower horizontal board^5; The lid 24':.iS :interppsedr,. 
between therupper horizontal board 13-,and the lower 
horizontal board 3: The lid =24' is formed in a folding-:free. 
manner. The upper portiori^^f ;the-lid 24* is turnably mny:\. 
nected with a bearing which is attached to the upper.hor- 
izontal board 13. The lower portion of the lid 24' is turn^L 
ably connected with a? bearing vyhich is attached to the. 
lower horizontal board. 3:. The tip portion of a fluid presr-. 
sure cylinder 31 is connected with a bearing between 
the upper portion and lower portion in thelid 24'. The 
proximal end of the fluid pressure cylinder 31 is turnably 
connected with a bearing which is attached to a portion 
of the upper horizontal board 13 close to the back board 
4. The lower horizontal board 3 is turnably connected 
with the lower horizontal board 5 of the main hull struc- 
ture 1 . By making an operation medium such as oil or 
air act on the fluid pressure cylinder 31 to give extension 
force to the fluid pressure cylinder 31, the lid 24' is 
pushed against the upper horizontal board 13 and the 
lower horizontal board 3 such that the lid 24' is firmly 
fixed between the upper horizontal board 13 and the 
lower horizontal board 3. With such fixation, the horizon- 
tal board 3 is firmly stable on the horizontal plane. On 
the other hand, by shortening the cylinder rod of the fluid 
pressure cylinder 31, the lid 24' is folded and the lower 
horizontal board 3 is lifted up. As a result, the tip portion 
of the lower horizontal board 3 contacts the lower sur- 
face of the upper horizontal board 13, as shown by the 
dotted line. This state is like the shape of a usual hull 
and used for towing. Thus, a wave resistance reducing 
effect is obtained. In case of mooring (in case of use of 
the floating structure), the wave damping structure of the 
horizontal boards 3 and 13 and the lid 24' is firmly 
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formed, as shown by the solid line. This example is prac- 
tical when the mooring position is changed and the 
number of times of the tow becomes more than one. 
[0050] Fig. 1 5 shows relation between the wave peri- 
5 od and the motion of the main hull structure 1 . The value 
of the rotational motion around the horizontal axis is 
shown as a dimenstonless value with respect to a com- 
parison value. Each graph of Fig. 15 shows the result of 
a theoretical calculation when the floating structure with 
10 the wave damping structure shown in Fig. 1 is used as 
a model. A simple box-type model (midair flat rectangu- 
lar parallelepiped) without the wave damping structure 
is employed as a box-type model. A total area of the 
large vertical direction seawater passage holes 1 2 in the 
15 L-type large clearance gap model in which is larger than 
a total area of the vertical direction seawater passage 
holes 12 in the L-type small clearance gap model. In the 
L-type gapless model, a total area of the vertical direc- 
tion seawater passage holes 12 is zero. The rotational 
20 motion around the horizontal axis in the box-type model 
is larger than that of any model in the present invention. 
The rotational motion around the horizontal axis of the 
L-type large clearance gap model is larger in a waye 
^ / period range larger than a specific wave period than the 
. 25 . . rqta^^^ arpund the horizontal axis in the L-type 

. .. i :SmaH.:cte^^ rotational motion 

around the horizontal axis of the horizontal axis in; the 
JL-type small clearance gap model is larger in the wave . 
. - .r,r-.perioid|region larger than another specific wave period 
30^ than the rotational motion around the horizontal axis of 
- r ~ the Lrtype gapless model. When attention is paid to only 
. the rotational motion around the horizontal axis, the area 
of the vertical direction seawater passage holes 12 can 
be most appropriately set in accordance with the spe- 
35 cific wave period. 

[0051] Fig. 16 shows relation between the wave peri- 
od and the translational motion in the horizontal direc- 
tion (corresponding to the wave drift force coefficient). 
The value of the translational motion in the horizontal 
^0 direction is compared with a reference value to make It 
dimensionless. Each graph of Fig. 16 shows a theoret- 
ical calculation result carried out about the above-men- 
tioned models. The translational motion in the horizontal 
direction in the box-type model is smaller than that of 
45 any model In the present invention which receives the 
reaction force of the reflected wave. The translational 
motion in the horizontal direction in the L-type gapless 
model is larger over the whole range of wave period than 
the translational motion in the horizontal direction In the 
50 L-type small clearance gap model. The translational mo- 
tion in the horizontal direction of the L-type small clear- 
ance gap model Is larger in the whole range of wave 
period than the translational motion in the horizontal di- 
rection of the L-type large clearance gap model. The 
55 translational motion in the horizontal direction in the 
box-type model is small in a range of the long wave pe- 
riod in the period region, and is large in a range of the 
short wave period, and doesnt have a peak value. The 
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translational motion in the horizontal direction in each of 
all the models of the present Invention has a sharp peak 
value at each specific wave period. 
[0052] Fig. 17 shows the motion reduced floating 
structure according to the fourth embodiment of the 
present invention. In the fourth embodiment, a hemi- 
spherical convex section of the bow structure of the hull 
as a self-propelled floating structure Is changed into a 
hemispherical concave section structure or inverted 
hemispherical bow structure. The inside 4' of the hemi- 
spherical shape concavity is equivalent to the above- 
mentioned back board 4 and the hemispherical concav- 
ity bottom 3* is equivalent to the horizontal board 3. Such 
a hemispherical shell structure is excellent in the struc- 
tural strength. The hemispherical shape concave sur- 
face may be changed into a half circular cylinder con- 
cave surface, 

[0053] Fig. 18 shows the motion reduced floating 
structure according to the fifth embodiment of the 
present invention. In the fifth embodiment, the. wave 
damping structure with a single concave domain 17a Is 
formed. The concave domain 17a is opened only in the 
wave progress direction. The concave domain .17a is 
formed of vertical partitioning boards 14 on. either side, 
the back board 4 as the shorter side vertical boafdi4 of - 
the main hull structure 1, the upper horizontal board 13 
extending from the main hull structure 1, and,the.lpwer;> 
horizontal board 3 extending from the main hull structures 
-t: A closure board 24-1s provided between each-pf the ^> 
vertical partitioning boards 14 and the outermost board- r- 
in either side. The vertical direction seawatervpassagetv 
hole 12a is arranged on a portion of the lower,+iprizpntah , 
board 3 close to the back board 41. The wave incident 
on the upper side of the horizontal board- 3 cannot run^ 
away from the sides of the concave domain 17a and is 
reflected to reduce rotational motion around the horizon- 
tal axis. 

[0054] Both of the vertical petitioning boards 14 may 
have holes and In an especial case, may be omitted, as 
shown in Fig. 19. The entrance width of a concave do- 
main 17b In the lateral direction shown In Fig. 19 is nar- 
rower than the inside width of the concave domain 17b 
in the lateral direction. The wave damping structure 2 
with the domain 1 7b is composed of the upper horizontal 
board 13 extending from the main hull structure 1, the 
vertical partitioning boards 4 extending from the main 
hull structure 1 , the lower horizontal board 3 extending 
from the main hull structure 1 , and front closure boards 
24*. 

[0055] In the first modification of the fifth embodiment 
of Fig. 19, the wave damping structure of the inverted 
L-type structure may be formed by removing the lower 
horizontal board 3. The wave goes around on the back 
side of the front closure boards 24' to achieve the com- 
posite effect of the L-type structure and the inverted L- 
type structure and the motion is reduced with better bal- 
ance. Compared with the above-mentioned embodi- 
ment in which the L-type structure Is added to the center 
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portion in the wave, progress direction, energy of the 
wave running away to the side is less, and the reduction 
effect is larger that the rotational motion around the hor- 
izontal axis. By the wave acting on the back vertical 
board 4 in the inverted L-type structure, the suppression 
effect of the translational motion in the horizontal direc- 
tion is larger compared with the embodiment of Fig. 18. 
If a hole 12 is provided for the horizontal board 3. the 
motion in the horizontal direction is more suppressed. 
[0056] Moreover, the first modification of Fig. 19 can 
be modified, as the second modification shown in Fig. 
20. In the second modification of Fig. 20. both of the 
vertical partitioning boards 14 as the outermost side 
boards which forms the concave domain 1 7b of the em- 
bodiment of Fig. 19 are cut, are diagonally bent to the 
wave progress direction and are re-formed as wave re- 
flection boards 47. Such an opening is a substitution of 
the inverted L-type structure of the Fig. 19 and decreas- 
es the translational motion in the horizontal direction. 
The wave reflection boards 47 reflect the wave In the 
lateral direction symmetrically and achieve the above- 
mentioned effect. 

[0057] Fig. 21 shows the motion reduced floating 
structure according to a first example of an open and 
close mechanism In \the motion reduced floating struc- 
;^,ure according: to the fifth -em of the present inr 

^.ventipn. In this exam plei the' exam pies of Figs.7l8 tO/20 
,are moreJmproved. Jn^the examples of Figs. . 18b to 20 
the concaye:djDmain1s_^formed using the original boards 
;ot the main hull sjructure. In this example, an auxiliary.- 
hdrizontal tjoard 3' is-added.-The auxiliary horizontal 
board 3' is ^extended: and . attached to the tip portion of 
ihe horizontal board 3 . in the wave progress direction 
'through a hinge 51 . The proximal end of a hydraulic 
pressure cylinder on the side of the main hull structure 
is turnably supported on the ceiling Inside the main hull 
structure 1 . The free end of the hydraulic pressure cyl- 
inder is turnably supported by the center of the auxiliary 
horizontal board 3*. The auxiliary horizontal board 3* is 
opened and closed through the operation of the hydrau- 
lic pressure cylinder, and insulates the concave do- 
mains 17a, 17b, and 17c from the seawater in the posi- 
tion in which the auxiliary horizontal board 3 Is closed, 
and stands up in case of tow. Moreover, the auxiliary 
horizontal board 3' is opened In case of mooring to ex- 
tend the horizontal board 3 to a proper length in the wave 
progress direction. 

[0058] Fig. 22 shows the open and close mechanism 
in the motion reduced floating structure according to the 
second example of the fifth embodiment of the present 
invention. In this example, an auxiliary horizontal board 
13' is added to extend from the upper horizontal board 
13 shown in Fig. 2 in addition to the auxiliary horizontal 
board 3*. The hydraulic pressure cylinder is comprised 
of a first stage cylinder 52 extendable in the horizontal 
direction, a second stage cylinder 53 extendable from 
the first stage cylinder 52. and an extendable rod 54 for 
the second stage cylinder 53. Two links 55 and 56 are 
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turnably branched through a hinge 57 at the tip portion 
of the extendable rod 54. The other ends of the two links 
55 and 56 are turnably connected with proper portions 
of the auxiliary horizontal board 3' and auxiliary horizon- 
tal board 13\ The auxiliary horizontal board 13' is turn- 
ably connected through a hinge 58. The auxiliary hori- 
zontal board 3' Is turnably connected through a hinge 
51. 

[0059] If the second stage cylinder 53 and the extend- 
able rod 54 are dragged into the first stage cylinder 52, 
the hinge 57 retreats to the horizontal direction, so that 
the auxiliary horizontal board 3* and the auxiliary hori- 
zontal board 1 3* are turned 90 degrees. As a result, the 
tip portion of the auxiliary horizontal board 3' and the tip 
portion of the auxiliary horizontal board 13* mate to each 
other on one horizontal plane as shown in the figure by 
the dotted line. The concave domain is closed in case 
of tow. In this example, the concave domains 17d is 
formed of structural members on the upper and lower 
sides. The structure member on the upper side is formed 
of the horizontal board 13 and the auxiliary horizontal 
board 13', and the structure member on the lower side 
is formed of the horizontal board 3 and the auxiliary hor- 

-izontal board 3*. The extended length by the addition of 
the auxiliary horizontal board 3V and the auxiliary hori- 
zontaVdeck 13' is freely designed. 

"[0060] If the clearance gap of^he vertical direction ' 
seawater passage hole 12 becomes large, the transla- 

-:tiohal motion In the:horizontal direction becomes small 
in the whole wave period range like a usual hull. The roll 

-'hlbtion around the horizontal axis becomes small in the 
range of a shorter wave period. If a total area of the ver- 
tical direction seawater passage holes 1 2 is adjusted in 
accordance with the wave period, it is possible to reduce 
the transtational motion in the horizontal direction and 
the rotational motion around the horizontal axis simul- 
taneously over the whole wave period range, while the 
translational motion in the horizontal direction and the 
rotational motion around the horizontal axis are made 
balanced. In the wave period range where the transta- 
tional motion in the horizontal direction becomes large, 
it is desirable that the embodiments of Figs. 6, 7 and 8 
which form the concave domain with high reflectability 
in the lateral direction are adopted. 
[0061] In the motion reduced floating structure ac- 
cording to the present invention, the concave section is 
formed using a part of the floating structure. Therefore, 
the wave damping structure can be lightened. By pro- 
viding hole(s) for the horizontal board, it is possible to 
balance two kinds of motion. The existence of the rein- 
forcement members provided in case of the formation 
of the hole is effective. 



Claims 



a main hull structure (1); and 
a wave damping structure (2) connected with 
said main hull structure, 

5 wherein said wave damping structure com- 

prises: 

a back board (4) connected with said main hull 
structure; 

10 a lower horizontal board (3) which is connected 

with a lower portion of said back board to ex- 
tend in a horizontal direction and which is under 
a seawater surface In case of mooring; and 
vertical members (14) connected with said low- 
15 er horizontal board and said back board. 

2. The motion reduced floating structure according to 
claim 1 , wherein each of said vertical members is 
formed of a triangular board to enforce said lower 

20 horizontal board and said back board. 

3. The motion reduced floating structure according to 
claim 1, wherein said .wave, damping structure fur- 
;ther comprises: . : . — j : - . 

25 ■ •:-->-/ ••■-.•.;-;-?• x^:^. 

' " * T*"-^ a vertical direction -hole (12) provided for- sajd^ 
- y^TO lower-horizontal board. 4" r--..- v ^v*:^^-^?^' , 

- 4 "Xhe^rfibtion reduced;floating?structure according to 

30 ;v:i. :iiclaim .1v wherein said wave. dampings fur-- 
. "lii^ther^eom prises: - ^ ^> ^ : * r - • 

r^. an upper horizontal board (13), and 

: each of said vertical members is connected 

35 with said upper horizontal board, said lower 

horizontal board and said back board in at least 
a portion such that a space formed by said up- 
per horizontal board, said back board and said 
lower horizontal board is divided into a plurality 
40 of domains by said vertical members. 

5. The motion reduced floating structure according to 
claim 4, wherein each of said vertical members ex- 
tends In parallel to a longitudinal direction of said 

45 main hull structure. 

6. The motion reduced floating structure according to 
claim 4, wherein each of said vertical members ex- 
tends to intersect a longitudinal direction of said 

50 main hull structure. 

7. The motion reduced floating structure according to 
any of claims 4 to 6, wherein two of said vertical 
members are used as inner vertical members to 

55 partition the space into three domains. 
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1. A motion reduced floating structure, comprising: 



8. 



The motion reduced floating structure according to 
claim 7, wherein other two of said vertical members 
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are connected with outer sides of the space as outer 
vertical members. 

9. The motion reduced floating structure according to 
claim 7 or 8. wherein said wave damping structure 5 
further comprises: 

a center front board (18) provided to close a 
center domain of said three domains. 

10 

10. The motion reduced floating structure according to 
any of claims 7 to 9. wherein a vertical direction hole 
(12) is provided for said lower horizontal board on 
both sides of said three domains. 

15 

11. The motion reduced floating structure according to 
any of claims 7 to 10, wherein a horizontal direction 
hole (15) is provided for each of said inner vertical 
members. 

20 

12. The motion reduced floating structure according to 
claim 11, wherein said lower horizontal board is re- 
moved from a center domain of said three domains. 



18, The motion reduced floating structure according to 
any claims 1 to 17, wherein said main hull structure 
is of a box type, and said back board Is used as one 
side board of said main hull structure. 

19. The motion reduced floating structure according to 
claim 18, wherein said lower horizontal board is 
formed by extending a lower horizontal board of 
said main hull structure. 



- 13. The motion reduced floating structure.according. to 
• % ~ rrany-o^ said wave damping 

-5^K: ' structure further cpriipFises:* ii 



25 



^^r ■". r -rj >^a lid (24) provided for each of bdth sides of said • 
» * 1. .^.^.--i threeilomains to be closable in case of tow and- 

7^v.v-. ■ • ^openableln case 

V 14. The motion reduced floating structure according to 
- r claim 1, wherein said wave damping structure fur- 

ther comprises: 

an upper horizontal board (13), and 
two of said vertical members are connected 
with said upper horizontal board, said lower 
horizontal board and said back board at least a 
portion to be connected with outer sides of the 
space as outer vertical members. 



30 



35 



40 



15. The motion reduced floating structure according to 
claim 14. wherein said wave damping structure fur- 45 
ther comprises: 

a front vertical board (24*) connected with said 
upper horizontal board, said lower horizontal 
board and each of said outer vertical members. 50 



16. The motion reduced floating structure according to 
claim 15, wherein a vertical direction hole (12) is 
provided for said lower horizontal board. 

17. The motion reduced floating structure according to 
claim 1 5 or 1 6, wherein each of said outer vertical 
members (14") Is openable in an outside direction. 
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